PHOTOELECTRIC ENCODER 



Background of the Invention 

1. Field of the Invention 

5 The present invention relates to a photoelectric encoder 

in which a bright/dark pattern obtained by at least a grating 
on a main scale is detected by a light receiving portion which 
has an index grating and a light receiving element and can move 
relative to the main scale. Further, the present invention 

10 relates to a photoelectric encoder in which the bright/dark 
pattern is detected by a light receiving element array having 
an index grating and a light receiving element which are 
integrated with each other, in place of the light, receiving 
portion with the index grating and the light receiving element . 

15 The bright /dark pattern can be set by designing an optical system 
so as to be an interference pattern or an image of the main 
scale. 

2. Description of the Related Art 

20 In the related-art, a transmission-type photoelectric 

encoder as shown by Fig. 15 has been used. The transmission- type 
photoelectric encoder as shown in Fig. 15 includes a light source 
10, a collimator lens 12, a transmission-type main scale 20, 
and a light receiving portion 30. The collimator lens 12 forms 

25 the light emitted from the light source 10 into parallel ray. 
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The transmission- type main scale 20 has a first grating 21 having 
a predetermined pitch P at a surface (lower face in the drawing) 
thereof. The light receiving portion 30 includes an index 
grating 31 having a predetermined pitch Q and a light receiving 
5 element 32. 

In the transmission-type photoelectric encoder of Fig. 
15, since the index grating 31 and the light receiving element 
32 are formed as individual parts, the individual parts need 
to be assembled to form the light receiving portion. Further, 

10 a plurality of light receiving elements 32A, 32B are needed 
for discriminating directions thereof (A phase, B phase) and 
the light elements need to be selected for obtaining uniformly 
optical sensitive characteristics and temperature 
characteristics thereof. 

15 To solve such a problem, as ..described in Japanese 

Publication JP-B-2 610624 , there is proposed a 
transmission-type photoelectric encoder using a light 
receiving element array 33 as the light receiving portion, as 
shown by Fig. 16 (front view) and Fig. 17 (plane view taken 

20 along a line III-III of Fig. 16) . That is, the light receiving 
element array 33 includes an index grating having the 
predetermined pitch Q and a light receiving element 32, which 
are integrated with each other. In Fig. 17, numeral 34 
designates a preamplifier and numeral 36A, 36B designate 

25 differential amplifiers. 
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By adopting such a light receiving element array 33, there 
are achieved a number of advantages of promoting small-sized 
formation and signal stability. 

Further, in a reflection-type photoelectric encoder, as 
described in JP-B-60-23282 , there is a reflection- type 
photoelectric encoder utilizing a three-grating system, as 
shown in Fig, 18. That is, the reflection-type photoelectric 
encoder includes a first grating 51 on an index scale 50, a 
second grating 42 on a reflection-type main scale 40, and a 
third grating (index grating) 53 on the index scale 50. A 
bright/dark pattern obtained by the two gratings (the first 
grating 5.1 and the second grating 42) is changed by moving the 
gratings relative to each other. The bright/dark pattern is 
filtered by the third grating 53 to thereby detect a relative 
movement amount of the main scale 2 0 and the index scale 50. 
This reflection-type photoelectric encoder can obtain the 
above-described advantages by using the light receiving element 
array 33 (arranged to face the main scale 40 in Fig. 18) as 
the light receiving portion. 

However, the grating pitch Q on the light receiving side 
is determined by the grating pitch P of the main scale 20, 40. 
Therefore, in order to use a main scale having a grating pitch 
different from the pitch P, the light receiving portion needs 
to remake or be replaced with new one in accordance with the 
corresponding main scale. Further, the bright/dark pattern 



is obtained only at a distance from the surface of the grating 
21, 42 of the main scale 20, 40, which is determined by the 
grating pitch P and an optical wavelength X. Therefore, there 
poses a problem that in the case of varying a gap between the 
5 main scale and the light receiving portion, a signal output 
of the light receiving portion decreases regardless of whether 
the light receiving array 33 is adopted or not. 

Further, according to the encoder utilizing a 
three-grating system, as shown by Fig. 18, normally, the second 
10 grating 42 is formed on the main scale 40. Therefore, as shown 
by Fig. 19, when there is present a waviness at the surface 
of the main scale 40, there poses a problem of bringing about 
a measurement error by influence of a change in a reflected 
angle of light. 

15 

Summary of the Invention 

The invention has been carried out in order to resolve 
the problem of the related art. It is an object of the present 
invention to provide a photoelectric encoder capable of using 
20 main scales having different pitches while adopting one kind 
of a light receiving portion, and having a simple structure. 

In order to accomplish the object above, the following 
means are adopted. According to the present invention, there 
is provided a photoelectric encoder comprising: 
25 a main scale with a grating; 



4 



a light receiving portion with an index grating and a 
light receiving element, the light receiving portion capable 
move relative to the main scale, the light receiving portion 
detecting a bright/dark pattern obtained at least by the grating 
5 of the main scale; and 

a lens disposed between the main scale and the light 
receiving portion, 

wherein a magnification of an image is set by adjusting 
distances among the lens, the main scale and the light receiving 
10 portion. The bright/dark pattern can be set by designing an 
optical system so as to be interference pattern or an image 
of the main scale. 

Further, in order to simplify the structure of the light 
receiving portion, in the photoelectric encoder, the light 
15 receiving portion may be a light receiving element array in 
which the index grating and the light receiving element are 
integrated with each other. 

Further, in order to improve a gap variation 
. characteristic, the photoelectric encoder may further 
20 comprising : 

an aperture disposed at a position of a focal point of 
the lens. Alternatively, in the photoelectric encoder, a lens 
array may uses as the lens. 

Further, the photoelectric encoder may further 
25 comprising: 
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an aperture array disposed at a position of the focal 
point of the lens array. 

Further, in order to prevent incidence of stray light 
from an adjacent lens of the lens array, the photoelectric 
5 encoder may further comprising: 

a partition plate between the adjacent lenses of the lens 

array. 

Further, an influence of the waviness of a surface of 
the scale is reduced when the main scale is of a reflecting 
10 type. 

Further, the structure is simplified by using a diffused 
light source and using a collimator lens as the lens. 

Particularly, when the aperture is inserted between the 
main scale and the light receiving portion, an influence of 
15 a variation in a gap between the main scale and the light receiving 
portion can be reduced and a signal excellent in stability can 
be provided. 

Further, in the case of using the reflection-type main 
scale, an influence of a waviness of the scale can be reduced. 
20 Further, according to the present invention, there is 

also provided a photoelectric encoder comprising: 

a main scale with a grating; 

a light receiving portion with an index grating and a 
light receiving element, the light receiving portion capable 
25 move relative to the main scale, the light receiving portion 
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detecting a bright/dark pattern obtained at least by the grating 
of the main scale; and 

an aperture disposed between the main scale and the light 
receiving portion, 
5 wherein a magnification of an image is set by adjusting 

distances among the aperture, the main scale and the light 
receiving portion. 

Further, in order to simplify the structure of the light 
receiving portion, in the photoelectric, encoder, the light 
10 receiving portion may be a light receiving element array in 
which the index grating and the light receiving element are 
integrated with each other. 

. According to the present invention, scales having 
different grating. pitches can be used for one kind of the light 
15 receiving portion. 

Further, when the lens is omitted, the cost can be reduced 
the small-sized formation canbe achieved, and the magnification 
can freely be set. 

20 Brief Description of the Drawings 

Fig. 1 is a perspective view showing a structure of an 
essential portion of a transmission-type photoelectric encoder 
of a first embodiment according to the present invention; 

Fig. 2 is an optical path view showing an optical system 
25 of the transmission-type photoelectric encoder of the first 
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embodiment according to the invention; 

Fig. 3 is an optical path view showing an optical system 
of a transmission-type photoelectric encoder of a second 
embodiment according to the present invention using a light 
5 receiving element array; 

Fig. 4 is a diagram showing a relationship between a focal 
length and a lens diameter of a flat/convex lens; 

Fig. 5 is an optical path view showing an optical system 
of a transmission-type photoelectric encoder of a third 
10 embodiment according to the present invention using a lens array; 

Fig. 6 is an optical path view showing an optical system 
of a transmission-type photoelectric encoder of a fourth 
embodiment according to the present invention using a light 
receiving element array and a lens array; 
15 Fig. 7 is an optical path view showing an optical system 

of a transmission-type photoelectric encoder of a fifth 
embodiment according to the present invention using partition 
plates arranged between lenses of a lens array; 

Fig. 8 is an optical path view showing an optical system 
20 of a transmission-type photoelectric encoder of a sixth 

embodiment according to the present invention which does not 
use an aperture; 

Fig. 9 is an optical path view showing an optical system 
of a reflection-type photoelectric encoder of a seventh 
25 embodiment according to the present invention using a 
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reflection-type main scale; 

Fig . 10 is an explanatory view explaining that the optical 
system of the seventh embodiment is not varied by a change in 
an angle by a waviness of the scale; 
5 Fig. 11 is a perspective view of a reflection-type 

photoelectric encoder of an eighth embodiment according to the 
present invention using a beam splitter; 

Fig. 12 is an optical path view showing an optical system 
of a reflection-type photoelectric encoder of a ninth embodiment 
10 according to the present inventionusing a diffused light source; 

Fig. 13 is an optical path view showing an optical system 
..of a transmission-type photoelectric encoder of a tenth 
embodiment of the present invention omitting a lens; and 

Fig. 14 is an optical path view showing an optical system 
15 of a transmission-type photoelectric encoder; of an eleventh 
embodiment according to the present invention using a light 
receiving element array and omitting a lens; 

Fig. 15 is a front view showing a structure of an example 
of a transmission-type photoelectric encoder of a related-art; 
20 Fig. 16 is a front view showing a structure of an example 

of a transmission-type photoelectric encoder of the related-art 
using a light receiving element array; 

Fig. 17 is a plane view of the light receiving element 
array taken along a line III-III of Fig. 16; 
25 Fig. 18 is a perspective view showing a structure of an 
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example of a reflection-type photoelectric encoder of the 
related-art utilizing a three-grating system; and 

Fig. 19 is an outline front view for explaining a problem 
of the example of the related art of Fig. 18. 

Detailed Description of the Invention 

A detailed explanation will be given of embodiments of 
the invention in reference to the drawings as follows. 

According to a first embodiment of the present invention, 
in a transmission-type photoelectric encoder similar to that 
in the related art shown in Fig. 15, as shownby Fig . 1 (perspective 
view) and Fig. 2 (optical path view), a light source is 
constituted by a light source 10. Further, a lens 60 and. an 
aperture 62 are. inserted between the first grating 21 of. the 
main scale. 20 and the light receiving portion 30 and a 
magnification of an image is set by adjusting distances a, b 
between the lens 60 and the first grating 21 and between the 
lens 60 and the index grating 31. 

According to the first embodiment, light emitted from 
the light source 10 passes through the first grating of the 
main scale 20 and is incident on the lens 60 . Only light emitted 
from the lens 60 along an optical axis passing through the 
aperture 62 provided at a focal point of the lens 60 reaches 
the index grating 31 to form an image of the first grating 21. 
Here, the magnification is calculated from a relationship 



between a pitch pi of the main scale 20 and a pitch p2 of the 
image on the index grating 31 as follows. 
M=p2/pl=b/a - (1) 

Further, in order to provide the image, intervals among 
5 the respective devices are determined to satisfy the following 
equation . 

l/f=(l/a)+(l/b) - (2) 

Here, f: focal length of the lens. For example, the 
intervals are determined as shown by Table 1. 
10 . [Table 1] 





Example 1 


Example 2 


Pitch of main scale: pi 


20|nm 


10nm 


Pitch of index grating: p2 


2 0|om 


Magnification: M 


1 2 


Focal length of lens: f 


3mm 


Distance btw. scale and lens: a 


6mm 


4 . 5mm 


Distance btw. lens and index 
grating: b 


6mm 


9mm 


N. A. by Equation (4) (DOF=100|am) 


0.066 



A gap variation characteristic of such an encoder 
structure is significantly related to a focal depth DOF of a 
lens optical system, and the larger the focal depth DOF, the 
wider the gap variation allowable range. The focal depth DOF 
is represented by Equation (3) as follows. 

DOF=^/ (2xN.A. 2 ) - (3) 

Here, X: light source wavelength. 

The focal depth DOF, that is, the air gap variation 
allowable range has values respectively suitable for intended 

11 



purposes of the encoder, and thus, N.A. may be specified to 
correspond to the intended purposes of the encoder . Therefore, 
the following inequality is established. 
DOF<\/ (2xN.A. 2 ) 
5 N.A.<*\/{A./ (2xD0F) } ». (4) 

Here, when lOO^im is needed as the focal depth DOF, N.A. 
needs to be smaller than the value calculated by Equation (4) . 
Here, the light source wavelength X is set to 880nm. 
N.A.<V{A,/ (2xD0F) } 
10 =V{880nm/ (2x100|luti) } 

=0.066 

Meanwhile, N.A. of the optical system is calculated by 
Equation (5) as follows. 
N.A. =(1/2) x (e/a) 
15 = (1/2) xd/ (b-f ) xM 

=d/(2xf) ... (5) 

Here, d: aperture size, 

e: beam diameter of lens. 
In this way, the light receiving portion having the index 
20 grating pitch p2 of 20|im can respectively correspond to the 
main scale pitch pi of 10|im and 20^im. 

Further, as a second embodiment, the light receiving 
portion 30 can be replaced by the light receiving element array 
33 similar to that in Fig. 16, as shown by Fig. 3. 
25 Although there is only one optical axis according to the 
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first and the second embodiments, as a third and a fourth 
embodiment, an explanation will be given of a structure for 
detecting by an optical system comprising a plurality of optical 
axes by using a lens array and an aperture array as follows. 
5 According to the first and the second embodiments 

described above, the focal lengthof the lens is 3mm and therefore, 
a distance connecting the main scale, the lens and the index 
grating falls in a range of 12 through 13.5mm. In order to 
promote further small-sized formation, the focal length of the 

10 lens needs to be reduced. 

However, when the focal length of the lens is reduced, 
in the case of a general lens which people can easily obtain, 
a diameter thereof is reduced (Fig. 4 shows a list of flat/convex 
lenses dealt with by Edmond Optics Japan Co Ltd. . and a diagram 

15 showing a relationship between the focal length f and the 
diameter of the lens) . When the diameter of the lens is reduced, 
a detectable field of view on the main scale is narrowed. 

Hence, Fig. 5 shows a third embodiment using a lens array 
70 and an aperture array 72 . In Fig. 5, a method of determining 

20 distances among the first grating 21 of the main scale, the 
lens array 70, the aperture array 72 and the index grating 31 
is the same as that of the first embodiment as shown by, for 
example, Table 2. 
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[Table 2] 





Example 3 


Example 4 


Pitch of main scale: pi 


20|am 


10|im 


Pitch of index grating: p2 


20|im 


Magnification: M 


1 2 


Focal length of lens: f 


0 . 6mm 


Distance btw. scale and lens: a 


1 . 2mm 


0 . 9mm 


Distance btw. lens and index 
grating: b 


1 . 2mm 


1 . 8mm 


N.A. by Equation (4) (DOF=100|am) 


0.066 



Fig. 6 shows a fourth embodiment in which the light 
receiving portion 30 is changed to the light receiving element 
5 array 33. 

In the case of using the lens array, there is a possibility, 
that stray light f roma adj acent lens of the lens array is incident • 
on a lens. • Hence, as in a fifth embodiment shown in Fig. 7, 
stray light can be prevented by providing a partition plate 

10 74 between the lens array 70 and the aperture array 72. 

Further, when N.A. of the lens array 70 is small and the 
aperture is not needed, as in a sixth embodiment shown in Fig. 
8, the aperture array can be omitted. 

Further, although a description has been given of the 

15 transmission-type photoelectric encoder as described above, 
also in the reflection-type photoelectric encoder, basically 
the same structure is constructed as in a seventh embodiment 
shown in Fig. 9. According to the seventh embodiment, 
collimated light is incident to a first grating 41 of a 

20 reflect ion- type main scale 4 0 from an oblique direction . Then, 
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light restricted by the aperture 62, as a result, restricted 
by N.A. in light scattered at the first grating 41 is guided 
to the light receiving portion 30 . 

According to the optical system comprising the lens 60 
5 opposed to the reflection-type main scale 40 as shown in the 
seventh embodiment, even when light emitted from a certain point 
on the main scale is shifted by a surface waviness of the main 
scale, as schematically shown in Fig. 10 as a transmission-type, 
the light is focused to a certain point by the lens 60 . Therefore, 
10 an influence of the surface waviness is not effected when the 
surface waviness of the main scale is within ±N.A. 

Further, Fig. 11 shows an eighth embodiment arranging 
a diffused light source 11 at a focal point of the lens 60 serving 
also as a collimator lens . In Fig. 11, the diffused light source 
15 11 is arranged at a position of the focal point of the lens 
60 via a beam splitter 61. Therefore, light irradiated from 
the lens 60 to the main scale 40 becomes collimated light and 
light reflected at the first grating 41 of the main scale 40. 
is guided to the aperture 62 by passing the lens 60 and beam 
20 splitter 61 . Both of the diffused light source 11 constituting 
a light emitting source and the aperture 62 are arranged at 
the position of the focal point of the lens 60 and therefore, 
light can effectively be utilized. 

Fig. 12 shows a ninth embodiment constituting a 
25 reflection-type photoelectric encoder and using the diffused 
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light source 11 . The ninth embodiment is the same as the seventh 
embodiment shown in Fig. 9 other than the light source and 
therefore, a detailed explanation thereof will be omitted. 

Further, although according to all of the above-described 
5 embodiments, the lens is used, the lens can also be omitted. 

Fig. 13 shows a tenth embodiment using the index grating 
31 and the receiving elements 32A, 32B at the' light receiving 
portion and omitting the lens in the first embodiment (refer 
to Fig. 2) . 

10 Further, Fig. 14 shows an eleventh embodiment omitting 

the lens in the second embodiment (refer to Fig. 3) using the 
light receiving element array 33 at the light receiving portion . 

Amagnif icationMof the tenth and the eleventh embodiments 
■omitting the- lens is calculated by the following equation. 

15 M=m/1 - (6) 

Here, m, 1 designate distances between the aperture 62 
and the first grating 21 and between the aperture 62 and the 
index grating 31. 

According to the tenth and the eleventh embodiment, a 

20 light amount is small and thus, when a gap is varied, the 
magnification M of the image is varied. However, since the 
lens is not used, the cost can be reduced, further small-sized 
formation can be produced and the magnification can freely be 
set . 

2 5 In the above -described embodiments, the embodiments using 
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the aperture can provide a signal excellent in stability by 
reducing an influence of the variation in the gap. Further, 
when the variation in the gap is not problematic, the aperture 
can also be omitted as in the sixth embodiment. 
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